then expressed semi-quantitatively, usually as negative, trace, or 1+ to 4+ (corresponding to 15-2000 mg/dL of proteins, for most commercially available dipsticks), comparing the pad against the chart on the side of the dipstick package, or loading the strip into an automated spectrophotometer.
Although the evaluation of protein excretion using the dipstick must be considered a screening test, erroneous interpretations of the pad may affect clinical decisions. In human medicine, information from quality assurance programs revealed that the misclassification rates of 1 and 2 scores above or below the expected value were 9.7% and 2.3%, respectively, 4 and the intra-and inter-observer agreement was moderate (k = 0.53) to very good (k = 1). 5 Moreover, the use of an automated reader is recommended to minimize observer-related errors 6 although automated readings only show slight improvement in the reproducibility of dipstick analysis. 5 In veterinary medicine, although similar results are likely, and quality control programs for urinalysis and dipstick tests are recommended, 2 little is known about the influence of inter-operator variability on the analytical variability in dipstick testing. Also, little is known about the intrinsic performances of dipsticks from different manufacturers, which may differ in analytical sensitivity, analytical range, or semiquantitative interpretation charts.
Therefore, this study aimed to assess the analytical variability in dipstick analysis when evaluating the presence/absence of proteins in canine urine, by comparing results obtained using 2 different commercially available dipsticks and 2 different independent operators.
| MATERIALS AND METHODS
A total of 174 canine urine supernatants were included in this study.
Urine samples were collected by cystocentesis (n = 113), free catch (n = 47), or unspecified methods (n = 14) over a 12-month period from dogs of different ages, sexes, and breeds, who were presented for diagnostic investigation at the internal medicine department in the Department of Veterinary Medicine (DIMEVET, University of Milan). Samples were collected for diagnostic purposes under the informed consent of the owner and, were therefore, collected according to the Institutional Ethical Committee (deliberation number: 2/2016), and a formal study approval by the Institutional Animal Care and Use Committee was unnecessary.
Since this was a validation study that did not focus on the clinical impact of the results, samples were included irrespective of the health status of the dogs, and both samples with active and inactive sediments were used.
All urine samples underwent complete urinalysis (including urine specific gravity (USG), dipstick evaluation, and sediment examination) within 2 hours of collection. To perform sediment analysis, 5 mL of sample were placed in sterile conical 10-mL tubes and centrifuged for 5 minutes at 1250 rpm (450 g). Supernatants were aliquoted into 1.5-mL tubes and stored at À20°C within 4 hours of collection for a maximum of 12 months.
For analysis, the supernatants were gently thawed by placing tubes at 4°C the day before analysis and then at room temperature 1 hour before analysis. In each analysis, the dipstick was removed from the container for no more than 2 minutes before use. Fifty microliters of urine supernatant were applied to the protein pad with a disposable pipette to prevent cross-contamination by dyes on adjacent pads; then, excess urine was gently discarded by tapping the dipstick on a clean paper towel.
To avoid interpretation bias of the second dipstick by each operator, and to avoid excess time between urine application and interpretation, samples were analyzed in batches of 8 samples, which allowed evaluation within 60-120 seconds, as recommended by the manufacturer of both of the dipstick kits. Urine samples, in a different random order, were applied to the second dipstick for evaluation. Each operator was blinded to the interpretive results of the other operator. Also, since the samples were performed in a different random order, interpretation of the second dipstick was blinded to results of the first dipstick.
Each dipstick was interpreted by comparing the color of the protein pads with the corresponding color chart provided by each manufacturer.
As expected, because some samples yielded a color reaction with a chromatic intensity not identical to those proposed on the chart, the following interpretation method was chosen: each pad was compared with 1 reference color block at a time; when an almost perfect match between the pad and the block on the chart was identified, the corresponding result was assigned (negative or trace: N/T, or positive: 1+, 2+, 3+ or 4+). When the color intensity was intermediate between the two blocks on the chart, the results corresponding to the nearest reference color blocks (lighter or darker) was assigned.
However, in these cases, the samples were also recorded as "diffi-
2.1 | Intra-assay and inter-assay precision For intra-assay evaluation, the 5 samples were tested with both dipsticks 10 consecutive times.
Then, inter-assay variability was assessed testing the same samples 5 times over 5 consecutive days. Both dipsticks were used, and
samples were stored at 4°C overnight between the evaluations.
Then, samples were warmed before analysis.
For both intra-and inter-assay evaluations, interpretation of pads was performed with the same method described for the whole set of samples.
For each semi-quantitative score, the number of different results was counted, and the percentage of the results, lower (underestimation) or higher (overestimation) than the first reading, was calculated.
Imprecision was expressed as the percentage of different results beyond the sum of the two operators (ie, 20 readings/results for intra-assay evaluation and 10 results for inter-assay evaluation).
| Statistical analysis
Concordance between the operators and between the dipsticks was tested with Cohen's Kappa test 7 and was calculated either for the whole set of results (N/T, 1+, 2+, 3+, 4+) or the grouping of the results as ≤1 and ≥2.
Moreover, for the evaluation of the concordance between dipsticks, the results of the 2 operators were combined to reach a con- The number of discordant samples found between 2 scores (eg, between N/T and 1+ or between 1+ and 2+, etc.) were counted, and the percentages were calculated from the total number of samples found between the 2 scores.
Descriptive statistics were performed with MS Excel (Microsoft, Redmond, WA, USA) and the Analyse-it statistical software (Analyseit Software Ltd, Leeds, West Yorkshire, England) was used to assess the level of concordance (Cohen's k).
3 | RESULTS
| Intra-assay and inter-assay variability
Results of intra-and inter-assay variability tests are shown in Table 1 .
Intra-assay results were always repeatable, except in 2 cases for Dipstick 1 (one per operator) and in 9 cases for Dipstick 2 (3 for Operator 1 and 6 for Operator 2). Difficult interpretations were more frequent for Operator 1 than for Operator 2 with both the dipsticks.
Six errors with Dipstick 1 (one for Operator 1 and 5 for Operator 2) and 13 errors with Dipstick 2 (8 for Operator 1 and 5 for Operator 2) affected inter-assay precision. Compared with intra-assay analysis, difficult interpretations were rarer with both dipsticks for both Operator 1 and Operator 2.
| Analysis of samples
Samples covered all possible dipstick results, but the results with scores lower than 2+ were more frequent for both dipsticks, as follows:
Using Dipstick 1, samples recorded as N/T, 1+, 2+, 3+, and 4+, were 96, 50, 17, 10, and 1, respectively, for Operator 1, and 112, 35, 16, 10, and 1, respectively, for Operator 2 ( Table 2) . Operators 1 and 2 recorded 23 (13.2%) and 22 (12.6%) difficult interpretations, respectively. These uncertain interpretations were mostly between negative and trace or between trace and 1+ for either Operator 1 (n = 10, and n = 10, respectively) or Operator 2 (n = 12 and n = 6, respectively). The total number of samples that were difficult for both operators was 39 (22.4%).
T A B L E 1 Intra-and inter-assay variability results. At each score, the number (and the percentage) of erroneous underestimations and overestimations (labeled with an "L" and "H", respectively) for each operator are shown, and the number of interpretations for which the operators had difficulty is shown in parentheses. Similarly, the total misclassified and difficult results obtained combining results of the 2 operators, are shown in the last column (n = 7, n = 8, and n = 6, respectively) or Operator 2 (n = 11, n = 14 and n = 3, respectively). The total number of difficult samples for both operators was 46 (26.4%).
| Concordance between operators
The concordance between operators ( Table 2) When results were grouped as ≤1+ and ≥2, concordance improved consistently to the "very good" category (Dipstick 1 k = 0.94; Dipstick 2 k = 0.87), and only 3 and 7 discordant results were misclassified with Dipstick 1 and Dipstick 2, respectively.
| Concordance between dipsticks
The concordance between the two dipsticks was "good" for both When results were grouped as ≤1+ and ≥2+, concordance improved to the "very good" category (k = 0.83 and 0.90 for Operator 1 and Operator 2, respectively), which showed 9 and 5 samples misclassified by dipsticks (≥2 using Dipstick 2 and ≤1 using Dipstick 1) with Operator 1 and Operator 2, respectively.
Overall, Dipstick 2 usually provided higher scores compared with Dipstick 1.
Concordance between the dipsticks using the consensual agreement between operators (Table 3 ) was defined as "moderate"
(k = 0.59). Misclassifications were 22.5% for the interval N/T vs 1+;
42.8% for 1+ vs 2+; 66.6% for 2+ vs 3+; and 66.6% for 3+ vs 4+.
Again, when grouping results as <1, 1-2, >2, concordance improved to "good" (k = 0.76). Intra-assay imprecision, however, was similar in magnitude to that reported in human medicine where visual reading reproducibility was 68%-85%, 11 and was variable between the operators. As for any other test, 12 inter-assay variability was even higher. Nevertheless, this inter-assay variability has low clinical importance because | 249 may depend on pH changes or on protein concentration induced by refrigeration, as was shown in UPC ratio studies. 13 However, dipsticks are analytically less sensitive than wet chemistry analyzers, and no storage effects on pH have been reported in dogs 14 and; therefore, storage artifacts are unlikely.
| DISCUSSION
Moreover, imprecision tests showed that a high frequency of samples were difficult to interpret, especially at low scores (ie, N/T and 1+) and with Dipstick 2. For both dipsticks, the 2 operators found difficulty in interpreting different urine samples. This points out that difficult interpretation was operator dependent instead of sample-or dipstick dependent. However, our impression was that the 2 dipsticks had slight differences in pad color before urine was applied, which could be compensated by using the corresponding color chart, and in the hue after the reaction with the same samples, especially at low protein concentrations. This latter difference could complicate interpretation of the results regarding differences in how easily an operator can correctly identify the corresponding score on the color chart. Whether sample-dependent factors, such as physical or chemical properties relating to urine dilution or the presence of pigments, could affect agreement between the dipsticks needs further evaluation.
This study also showed that inter-operator concordance was not perfect, due to discordant results at every level of positivity. The degrees of concordance recorded in this study were similar to that found in people, where a k coefficient of 0.82 was found 5 but was lower than that reported in dogs (k = 0.92). 15 The majority of the discordant results was due to result overes- According to a previous study in dogs, 16 samples with negative dipsticks are likely nonproteinuric, samples with 2+ or more are likely proteinuric, and samples with 1+ may or may not be proteinuric depending on the USG. Based on the inter-dipstick variability recorded in the current study, our results might not be completely comparable with those of the study cited above. 16 However, misclassification of samples as N or 1+, and 1+ or 2+ could be of clinical significance, while misclassification of samples with 2+, 3+, or 4+ may be less relevant clinically, since the UPC ratio calculation, reported in a previous study, is more accurate than the dipstick UPC calculation, and is recommended for any sample with results ≥2+.
The increase in agreement after grouping results as ≤1+ or ≥2+
showed that the probability of operator errors decreases in proteinuric dogs (dipstick ≥2+) and confirms that the worst inter-operator agreement occurs between N/T and 1+. This should be taken into account in practice since samples with 1+, if retested with the UPC ratio, could be proteinuric or not, depending on the USG.
The high concordance between dipsticks and operators in identifying proteinuric dogs suggests that re-testing dogs with a positive dipstick result using other screening tests such as SSA, as recommended by the IRIS guidelines, 17 may be superfluous. Our results suggest that SSA may be recommended only when positive dipstick results are weak (1+) as recommended in a previous study.
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T A B L E 3 Agreement in raw data between the 2 dipsticks for scoring protein pads as interpreted by the 2 operators with consensus results between the operators However, it is our opinion that in such cases, use of the UPC ratio as the first test may be recommended, so that the presence and magnitude of proteinuria may be assessed as a single step, thus allowing better management of proteinuria. 19 Interestingly, interpretation errors never exceeded a score of 1.
Studies in human medicine reported that errors greater than 1 score are possible in clinical practice and may account up to 2.4% of the results. 4, 9, 11 However, those studies evaluated not only the analytical variability (as in our study) but also the effect of preanalytical and postanalytical errors on variability. Evaluation of such variability was beyond the aims of this study, but it could be speculated that in veterinary medicine, preanalytical errors may also occur and, along with the analytical variability reported in the present study, may induce misclassifications higher than 1 score of positivity.
In conclusion, although urine dipstick test pads are considered 
